We inves gate the fl ow rate dependency of solute transport within an undisturbed monolithic soil core, collected in an Incep sol. Through a series of nine controlled steady-state solute breakthrough experiments, fl ow rate dependency of solute transport was elucidated using the general transfer func on (GTF) modeling theory. We fi rst observed that the apparent dispersion coeffi cient increases with depth and fl ow rate. We also observed that the fl ow regime is rather a convec ve-dispersive (CD) process at low fl ow rates and a stochas c-convec ve (SC) process at high fl ow rates. At intermediate fl ow rates, the fl ow regime could not be described with either CD or SC processes. To be er understand the mechanisms of altering fl ow regime at intermediate fl ow rates, a dye tracer experiment was conducted. Results show that preferen al fl ow is ini ated at intermediate fl ow rates. We hypothesize that the mixing of solutes between stream tubes decreases when fl ow rate increases, due to the decrease of the tortuosity of solute fl ow paths and the ini a on of preferen al fl ow through macropores.
Knowledge of the lateral mixing regime of surface-applied solutes is key for describing vertical solute transport in undisturbed soils (Jury and Flühler, 1992; Flühler et al., 1996) . To evaluate the mixing processes, a mixing time t* was introduced by Dagan and Bresler (1979) . Th ey defi ned the mixing time as the time interval during which a solute particle travels with constant velocity. If the mean solute travel time is much lower than t*, then the solute molecules disperse longitudinally by virtue of diff erences in convective velocities, resulting in a solute apparent dispersion increasing linearly with depth. In this case, the solute transport processes can be modeled with a SC transport model (Simmons, 1986; Dagan, 1984) . In contrast, if t* is much lower than the mean solute arrival time, the apparent dispersion remains constant with depth, and the process is better described with a CD transport model (Khan and Jury, 1990) .
Solute transport in a natural soil cannot always be conceptualized as following either a CD or SC process. Indeed, the CD model considers full mixing in a homogenous matrix, while the SC assumes a vertically homogenous soil within the stream tubes. Th e stream tube model represents the fi eld by a set of vertical soil columns in which one-dimensional CD transport takes place, and which is parameterized by a distribution of advection velocities and dispersion coeffi cients (e.g., Toride and Leij, 1996a,b) . Both models will therefore fail to describe transport in soils having signifi cant vertical heterogeneity. Th e vertical heterogeneity (e.g., in terms of diff erent pedogenic soil layers) has a considerable eff ect on solute transport (Leij and Dane, 1991) . To be able to model CD, SC, and intermediate transport regimes, the GTF model was proposed by Zhang (2000) . Th e GTF parameters, which can be obtained from measured solute breakthrough curves (BTC) at diff erent depths, allow identifi cation of the mixing regime in a comprehensive way (Javaux and Vanclooster, 2003a) .
Th e mixing regime will depend on soil type and scale of the transport experiment. Earlier solute transport experiments showed that the CD model was well adapted for solute transport in disturbed small-scale laboratory columns. In contrast, transport experiments at the core and lysimeter scale (Khan and Jury, 1990; Vanclooster et al., 1995; Vanderborght et al., 1997) and the fi eld scale (Jury, 1982a,b; Jury and Flühler, 1992; Butters et al., 1989) could better be modeled with the SC model, especially close to the soil surface.
Solute transport experiments in a soil core suggested the fl ow regime to be a convective-dispersive process at low fl ow rates, and a stochas c-convec ve process at high fl ow rates. A dye tracer experiment showed that preferen al fl ow and the associated decrease of flow path tortuosity leads to decreases of solute mixing between stream tubes. Th e mixing regime will further be aff ected by the fl ow rate. Two adversarial eff ects have to be considered. First, if the fl ow rate increases, then the pore domain contributing to solute transport may increase. In cases where the incremental pore domain is more heterogeneous, the variance of solute particle velocities may increase (Vanderborght et al., 1997) . In contrast, higher fl ow rates generally increase the soil water content. In such cases, the overall mean tortuosity of the fl ow paths can be shorter, thereby reducing the variance of the solute particle velocities (Maciejewski, 1993) . Javaux and Vanclooster (2003b) , for instance, did not observe a signifi cant diff erent mixing regime when studying fl ow dependent solute transport through an undisturbed soil monolith. In contrast, Khan and Jury (1990) observed an increasing apparent dispersion with depth when high fl ow conditions were imposed, and a constant apparent dispersion for low fl ow rate or when the material was disturbed. Similar observations were reported by Porro et al. (1993) in uniform and layered soil columns, by Vanderborght et al. (1997) in Plaggept and Hapludalf soils, and by Vanderborght et al. (2001) in a small Regosol lysimeter. In the Hapludalf soil studied by Vanderborght et al. (1997) , the increase of transport variability was explained by the increased water and solute fl ow in macropores between structural elements. Javaux et al. (2006) found that microheterogeneity characterization is needed to predict qualitatively the scale-and fl ow rate dependency of the solute transport processes.
Hence, flow rates and structural heterogeneity of the porous medium within the fl ow domain considerably infl uence the mixing regime. However, the impact of fl ow rate and structural heterogeneity on governing transport is still diffi cult to predict (Ursino et al., 2001a,b; Ursino and Gimmi, 2004) . Th erefore, well-controlled transport experiments on undisturbed soils are needed to identify the governing transport concept and to assess the solute transport parameters for specifi c fl ow rates and soils, in particularly in undisturbed soils. Performing such experiments at the core or lysimeter scale is appropriate since boundary conditions can be rigorously controlled. Small alternating transport regimes can further robustly be assessed during such experiments by identifying the transport parameters using the GTF transport theory (Javaux and Vanclooster, 2003a) .
Th e objective of this study was to investigate the fl ow rate dependency of the solute transport within an undisturbed soil core collected in an undisturbed Inceptisol. Steady-state transport through the soil core is monitored at diff erent depths by means of TDR and analyzed using the GTF modeling theory. A dye tracer experiment complements the interpretation of the transport mechanism in the undisturbed soil core. Th e experimental and theoretical procedure builds on the methodology that was conceived by Vanclooster et al. (1995) and further developed in Javaux and Vanclooster (2003a) and Mohammadi and Vanclooster (2009) . A unique set of transport experiments are performed on an undisturbed Inceptisol, spanning a wide range of inlet fl ow conditions (from 0.12 to 1 times the K s value of the soil). With high resolution data, an eventual shift between diff erent transport regimes in terms of fl ow regime and types of structural heterogeneity can be mapped.
Theory
Solute Travel Time Probability Density Func on and Generalized Transfer Func on Zhang (2000) proposed the GTF in terms of solute travel time probability density function (pdf). Th e integral of this pdf measures the probability that a solute molecule added at time t 0 will reach a given depth z in a time smaller than or equal to t. Th e travel depth pdf of the GTF model, which can be linked to the travel time pdf (Jury and Roth, 1990; Javaux and Vanclooster, 2003a), yields: [ ]
where
the time, and a is a constant defi ned as:
where λ 1 and λ 2 are parameters of solute travel time moments that scale the mathematical expected value E z (t) [T] , and variance of t,
, with depth as follows:
where 
Th e two variables λ 1 and λ 2 are time invariant and are determined by fi tting the GTF to experimental BTCs. Zhang(2000) showed that that the diff erence of these two parameters (power of Eq.
[5]) can characterize the fl ow regime. When λ 1 − λ 2 = 0.5, the fl ow regime is SC, and when λ 1 − λ 2 = 0, the fl ow regime is CD. Values between 0 and 0.5 refl ect intermediate fl ow regimes. However, in some cases, λ 1 − λ 2 < 0.
Es ma ng Solute Transport Proper es
Considering the soil solute transport of surface applied chemicals during steady-state breakthrough, as measured by means of
horizontally installed time domain refl ectometry (TDR) probes, the resident concentration of surface applied solutes in the TDR sampling volume, at a given depth z and time t, can be estimated from (Vanclooster et al., 1995) :
where Z* (z,t) [Ω] is the impedance load of the transmitted TDR signal at infi nite time on the refl ectogram, and K* is a calibration constant. Following Vanderborght et al. (1996) , we use the timeintegrated normalized resident concentration, C rt* (z,t), which is defi ned as follows:
Inserting Eq. [6] into Eq. [7] allows elimination of the calibration constant and yields the time-integrated normalized resident concentration in terms of properties that can be read directly from the TDR:
Following Javaux and Vanclooster(2003a) , we suggest that f r (z,t) = [C r (z,t)]/M 0 , where M 0 [M] is the total mass added at the top of the soil. We thus obtain the defi nition:
Substitution of Eq. [1] in Eq. [9] yields (See Table 2 in Javaux and Vanclooster,2003a) :
Closed form expressions of time normalized resident concentrations for convective-dispersive equation (CDE) and convective lognormal transfer (CLT) models are also given in Javaux and Vanclooster (2003a) . As suggested by Javaux and Vanclooster (2003a) , we used nonlinear regression analysis to fi t the solution of Eq.
[10] directly to the experimentally determined C rt* BTC, using Matlab7.1 soft ware (Matlab 7.1, Th e Mathworks Inc., Natick, MA) and the Marquardt-Levenberg (Marquardt, 1963) algorithm.
For identifying governing transport mechanisms, observations are needed at a minimum of two diff erent depths (Jury and Roth 1990 ). Because the model is able to describe a wide range of dispersion processes evolving with depth, fi tting the model to all depths together will result in a parameter set with reduced uncertainty. CDE parameters were obtained by fi tting the calculated time series of C rt* inferred from the TDR readings to the analytical solution of the CDE in terms of C rt* by minimizing the squared error (least square method)
Materials and Methods Experimental Set-up
One undisturbed soil monolith (1-m height, 0.8-m i.d.) was sampled and fully equipped in the laboratory. Th e monolith was sampled near Bocholt, Belgium, using the method as described by Vanclooster et al. (1995) . Th e experimental soil profi le is classifi ed as a Plaggept and consists of three diagnostic horizons (Van Orshoven et al., 1988) : Ap (0-40 cm), AC (40-60 cm), and C (>60 cm). In the laboratory, 12 TDR probes were installed horizontally in the monolith with a specifi c spatial confi guration allowing water and solute transport at diff erent scales to be measured. Th e TDR probes were inserted in three vertical transects spaced 120° apart, two of them with three probes (at the 0. TDR sampling volumes are recorded at fi xed time steps (max. 5 min.) during the water and solute transport experiment. Four negative temperature coeffi cient thermistors (numbered 1-4 in Fig. 1 ) and four tensiometers (T1-T4 in Fig. 1 ) were introduced horizontally and allowed the time course of the temperature and suction head at diff erent depths in the soil monolith to be monitored. Positions of all the instruments are given in Fig. 1 . Th e central outlet of the bottom plate was connected to an electrical conductivity probe (HI 3001, Hanna Instruments, France) with automatic temperature calibration. Drainage rate at the outlet was measured by means of a tipping bucket device (GME PR12 tipping bucket, GMETM, ChaumontGistoux, Belgium). For controlling the incoming fl ow rate during the experiments, an irrigation system was designed consisting of a square reservoir of 0.8-m width and 1-cm height, having 280 needles (0.5-mm i.d.) inserted regularly in a 5-cm grid at the bottom surface of the reservoir. One pulse pump (Prominent, type 1001N, Prominent, Germany) was connected at the top of the reservoir, imposing a constant fl ow rate at the inlet of the irrigation device. Th e irrigation plate was placed on the top of a polyvinyl chloride (PVC) cylinder extending the monolith for another 30 cm from the soil surface and sealed to prevent evaporation during the experiments. To avoid surface sealing by the falling raindrops, 0.5 cm of fi ne gravel was spread on top of the soil surface. Th e closing bottom system was composed of a 1-cm PVC plate sealed to a 1-cm-thick stainless-steel plate with an outlet gate imbedded at the center through which passed the wicks. Th e monolith was installed on a stainless-steel frame, allowing the wicks to extend over 80 cm, ensuring a slight suction head at the bottom of monolith. A drainage tube connected to the outlet gate conducts the leachate of the monolith to the tipping bucket and the electrical conductivity (EC) meter. Details of the set-up are also given in Mohammadi and Vanclooster (2009) .
Soil Physical Proper es
At the end of the transport experiment, the soil monolith was dismantled and cut to 5 cm layers and 80 Kopecky ring samples were collected within the monolith (7-10 samples for each layer) and were used to characterize the particle-size distribution, organic matter content, and soil moisture characteristics curve of the material using standardized soil physical techniques (Dane and Topp, 2002) . Details of particle-size distribution at diff erent depths (as TDR probes situation) can be found in Table 1 .
Transport Experiments
To analyze the fl ow rate eff ect and water content on solute transport regime, nine inert solute transport experiments were conducted on the monolith at diff erent fl ow rates ranging from 0.095 to 0.75 m d −1 . Partially saturated experiments were performed as follows. First, a constant fl ow rate J w of tap water (EC = 1000 μS cm −1 ) was imposed at the soil surface until steady-state outfl ow was obtained. Th e tap water has an ionic strength similar to the soil solution, avoiding physicochemical perturbation of the soil structure during the leaching experiment. Th e steady-state regime was confi rmed by constant moisture and tension readings. Subsequently, the irrigation system was removed and CaCl 2 -loaded water (EC = 10 000 μS cm −1 ) was applied uniformly. Th e duration of application was adapted to J w to be negligible compared with the total duration of the experiment, so that we could mathematically interpret it as a Dirac delta function. Aft er solute application, unloaded water was irrigated with the same J w . Details of the experiments can be found in Table 2 . Because suction could be applied at the lower end of the column by means of the wick, the bottom water boundary condition was treated as a constant pressure head. For the saturated fl ow experiments, the monolith was previously saturated from the bottom (during 5 d). During the steady-state fl ow, a small ponding depth of 0.5 cm was maintained at the soil surface. Th e solute was applied by removing the irrigation system and, once the ponding has disappeared, by adding a given volume of CaCl 2 -loaded water. At Table 1 . Particle-size distribution and organic carbon content of the experimental soil. www.VadoseZoneJournal.org | 398 the end of solute transport experiment, a dye tracer experiment was conducted with 2 g L −1 Rhodamine B (CI 45170) (see Table 2 ) and the monolith was cut into 5-cm layers up to depth of 60 cm. Image analysis was subsequently conducted on the top view for 12 section layers. Soil water content during the leaching experiments was estimated from the TDR readings using Topp's equation (Topp et al., 1980) . Th e steady-state regime was controlled by constant moisture and tension reading and confi rmed by the fl ow rate estimate when results from the tipping bucket measurements at the outlet of the monolith and the pumping rate at the column inlet were equal. Figure 2a shows the measured time-averaged volumetric soil moisture content, and Fig. 2b shows the measured time-averaged hydraulic gradient for the diff erent steady-state fl ow experiments at different depths. For the soil moisture, depth mean values were calculated from the three diff erent probes for each depth. Volumetric soil moisture content is not substantially aff ected by diff erent fl ow rates, illustrating that the soil remains close to saturation during the transport experiments, avoiding considerable air entry. In contrast, the hydraulic gradient is signifi cantly aff ected, in particular in the top layer of the soil profi le.
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Results
For each position where a TDR probe is located, we obtained a set of local-scale solute parameters corresponding to the diff erent fl ow rate experiments. Figure 3 shows the examples of BTCs that were measured at a depth of 0.7 m during diff erent experiments, and the BTCs fi tted with the CDE model. Figure 4 shows examples Fig. 3 . Measured and fi tted breakthrough curves for Probe 10 (see Fig.  1 ), during Experiments 1, 5, and 9 (see Table 2 ). Black continues line shows the fi tted breakthrough curve by CDE. Table 2 ). Th e three BTCs were measured by time domain refl ectometry (TDR), Probes 10, 11, and 12 (see Fig. 1 ). Black continues line shows the fi tted BTC by CDE.
of BTCs that were measured during Experiment 4 at depths of 0.1, 0.4, and 0.7 m and the BTCs fi tted with the CDE model. In all experiments (including the BTCs not shown), the BTCs were unimodal, with the CDE model performing very well (R 2 > 0.89).
From these results, one may conclude that the dispersion coeffi cient obtained from the CDE fi t is reliable for further interpretations. Th eoretically, the CDE can also accommodate macropore fl ow in structured soil, which can be thought of as another velocity component in a continuous distribution of pore water velocities. As shown by Parker and van Genuchten (1984) , the CDE model is capable, in some cases, of fi tting BTCs for macroporous systems just as well as the mobile-immobile model, yet requiring fewer fi tting parameters.
Since the scaling of the apparent dispersion coeffi cient with depth is a good indicator of the mixing regime, we illustrate the depth dependent apparent dispersion for diff erent fl ow rates, D(z,J w ) (Fig. 5) . Th e apparent dispersion was obtained by fi tting the closedform expression of the time-normalized resident concentration of the CDE model (see Javaux and Vanclooster, 2003a , Table 2 ) to the observed data. Figure 5 suggests a nearly constant D with depth at low fl ow rates, but a strong depth dependent D at high fl ow rates, especially deeper in the soil. Th ese results suggest that the fl ow regime follows the CD model when the fl ow rate is rather low, and it follows the SC model when the fl ow rate is rather high.
To refine our analysis, we determined λ 1 and λ 2 from the experimental BTCs. Soil moisture variability as a function of depth was rather small, given that experiments were performed in the near saturation range (Fig. 2a) . In these conditions, the use of cumulative net water instead of time in the BTC analysis, as suggested by Jury and Roth (1990) , is not needed. In addition, effects of soil moisture become only important when the BTCs are used to interpret the moments of the GTF in terms of the physical properties, like apparent velocity and apparent dispersion. A detailed discussion of the apparent velocities and dispersivities in the GTF model was given by Javaux and Vanclooster (2003a) , and is not repeated here. In this paper, we only use GTF to infer the λ 1 and λ 2 , and λ 1 − λ 2 as an indicator of transport regime. Figure 6 shows λ 1 − λ 2 , as a function of fl ow rate, obtained using the experimental BTCs of two depths in the same direction for each fl ow rate. Consequently the average and standard deviation of parameter λ 1 − λ 2 for all depths and directions were calculated. Because λ 1 − λ 2 is obtained from BTCs measured in diff erent directions, and diff erent combinations of BTCs at diff erent depths, the bounds of confi dence intervals refl ect the spatial variability of solute transport within the monolith (Fig. 5) . Figure 6 shows that the average value of λ 1 − λ 2 is nearly equal to 0.5 at low fl ow rates (<0.395K s ). A statistical test confi rmed the hypothesis that λ 1 − λ 2 = 0.5 for fl ow rates smaller than 0.395K s . Beyond the 0.395K s threshold, λ 1 − λ 2 diminishes with fl ow rate and approaches zero at high fl ow rates. Subsequently, we can conclude that fl ow regime follows a CD process at fl ow rates <0.395K s and tends toward a SC process at high fl ow rates. Yet, from intermediate fl ow rate onward (≥0.395K s ) the fl ow regime appears to be governed by a transition regime, in which the CD process gradually changes to the SC process. Similar results were reported by Vanderborght et al. (1997) .
Dye Experiments
To elucidate the mechanisms of fl ow rate dependency of the solute transport process and to identify the circumstance of altering of fl ow regime, a dye tracer experiment was conducted at intermediate fl ow rate (0.4K s ), corresponding to the fl ow rate where the solute regime changed. Figure 7 shows a partial horizontal cross-section of the monolith at a depth of 0.1 m. Th e fl ow paths are clearly shown with Rhodamine B, by the staining of the fl ow paths and the diff usion of the tracer into the soil matrix. Th e stained spots clearly demonstrate that only a part of the soil domain contributes to preferential solute transport. Figure 8 shows a vertical cross-section of the soil monolith. Th e preferential fl ow paths are distributed in all parts of the horizontal and vertical cross-section and are extended sharply to a depth of 0.45 m. Th e preferential fl ow parts could eventually extend deeper if the duration of dye pulse was extended longer than 8 h. When analyzing the preferential fl ow paths, we distinguish between wormholes (which are labeled C in Fig. 6 and 7 ) and root channels (labeled R in Fig. 7 ). However, we also observed stained spots that could not be linked directly to wormholes or root channels. Th ese features could eventually be attributed to leakage of dye from dead-end pores.
Discussion Flühler et al. (1996) proposed three flow regimes, which they called distribution flow in the attractor zone (Zone 1), preferential flow in the transmission zone (Zone 2), and dispersive flow in the dispersion zone (Zone 3). The first flow zone is a relatively uniform spreading of solute, which then converges into preferential flow pathways in the transmission zone (Zone 2). In the transmission zone, a small portion of the total pore space conducts most of the solute vertically into the third zone, where the soil is less permeable and lateral mixing occurs again. Increasing the flow rate increases the moisture content and subsequently the probability for activating bigger pores for solute transport; therefore, the probability of activating preferential flow also increases as flow rate increases. In addition, when the soil water content increases, the tortuosity of the flow paths reduce, decreasing lateral mixing of solute during the transport process (Maraqa et al., 1997) .
Th e results of our experiment suggest that the preferential fl ow regime is fl ow rate dependent and hence more pronounced when fl ow rates exceed 0.4K s . Th is result is consistent with observations of White (1987, 1989) , who demonstrated that increasing the fl ow rate induces preferential fl ow in large interaggregate pores, and the study of Vanderborght et al. (2000) , who observed fl ow rate dependency in sandy loam and loamy soils, and with the observations of fl ow dependent heterogeneity of dye concentrations pattern (Wang et al., 2009) . Th e results are also consistent with the study of Lafolie et al. (1997) , who studied transport on a column packed with uniform glass beads. Vanderborght and Vereecken (2007) also found that dispersivity increases with fl ow rate in fi ne-textured soils, but not in coarse-textured soils. Th ey explained the larger dependency of dispersivity on fl ow rate in fi ne-textured soil to the activation of large interaggregate pores, which was not observed in soils with a coarser texture. In our study, however, the soil was coarse textured (Table 1 ); yet, clear macropores were observed in dye experiment. Macropores aff ect transport behavior similar to the interaggregate pore spaces in fi netextured soil. For soil conditions where root channels are present, water fl ow paths can follow channels, producing considerable heterogeneity in the fl ow pattern and preferential fl ow. Because most solute transport experiments have been performed in bare soils, the eff ect of plants roots on solute transport processes requires further investigation. Th e results of our experiment contrast observations of Javaux and Vanclooster (2004) , who studied scale-and rate-dependent solute transport in monolithic sandy soil, and who concluded that fl ow rate did not aff ect the dispersivity at both the TDR and monolith scales. Th ey attributed the insensitivity of dispersivity to fl ow rate to the presence of soil layering perpendicular to the mean fl ow, promoting lateral diff usion and hence stabilization of dispersivity. In addition, their soil monolith was collected in the deep vadose zone of a sand quarry where root channels were absent. Th e insensitivity was further explained by specifi c bottom boundary condition used in their experiments. Th e eff ect of lower boundary condition on solute transport in lysimeter-scale experiments was also illustrated by Lennartz et al. (2008) . Indeed, the seepage face in the experiments of Javaux and Vanclooster (2004) did not allow the soil water content to be varied signifi cantly by altering fl ow rates. Consequently, the soil moisture content that increased with increasing fl ow rate did not allow new pore domains or macroporous root channels to be activated, thus reducing signifi cant change to the dispersivity. Th e inconsistency of their results to our study could therefore be explained by the absence of macropores and old root channels in their soil.
Summary and Conclusions
Th rough a series of nine solute breakthrough experiments and a dye experiment, fl ow rate dependencies of the solute transport process have been elucidated in a monolithic undisturbed soil, sampled in an Inceptisol. Th e analysis of solute transport data revealed that the CDE provides an excellent fi t to the observed breakthrough curves. We observed further that D increases with depth for large fl ow rates. To further develop the analysis, we used the GTF model to fi t the observed breakthrough curves at two diff erent observation points within the monolith, and we used λ 1 − λ 2 as an indicator for the governing transport regime. Results showed that value of λ 1 − λ 2 is close to 0.5 for low fl ow rates (up to 0.35K s ), but that λ 1 − λ 2 decreases with fl ow rates exceeding the 0.35K s threshold. Th e variation of D and λ 1 − λ 2 with fl ow rate suggests that the transport regime is described by a CD transport process at low fl ow rates and tends toward a SC process at high fl ow rates. At intermediate fl ow rates, the fl ow regime can neither be considered CD nor SC. To explain the mechanisms of altering fl ow regime, a dye tracer experiment was conducted at intermediate fl ow rate (0.4K s ).
Results confi rmed that preferential fl ow occurred at a fl ow rate of 0.4K s . We conclude that two mechanisms explain fl ow regime dependent transport in the Inceptisol. First, higher fl ow rates lead to lower tortuosity of solute transport paths and consequently the mixing of solute. Second, higher fl ow rates lead to larger pore contributing to water fl ow and solute transport; hence, the probability of activating macroporous fl ow will be larger. For future research, we suggest identifying more quantitative relationships between structure, fl ow rate, and fl ow regime for diff erent soil types and validating the threshold values from which alternating transport regimes are observed
